Purpose: High-dose chemotherapy with autologous stem cell transplantation (ASCT) is considered to be the only curative treatment option for patients with refractory or relapsed diffuse large B-cell lymphoma (DLBCL). Due to toxicity, not all patients are eligible for this treatment leading to different treatment intensities. Here, we aim to analyze the impact of treatment intensity on survival in patients previously treated with rituximab and chemotherapy, and, furthermore, to analyze the association between socioeconomic position and treatment intensity, defined as palliation, non-salvage, and salvage regimens. Materials and methods: We identified patients with refractory or relapsed DLBCL diagnosed in 2000-2015 in the Danish National Lymphoma Registry (n=1,228). We analyzed the impact of treatment intensity on survival in patients previously treated with rituximab (n=277) using a Cox proportional hazards model. Multinomial regression analyses were performed to identify associations between socioeconomic factors and treatment intensity for the entire cohort. Results: In the rituximab era, the 5-year overall survival (OS) was 31% for patients receiving salvage regimens (n=194), and 17% for patients receiving non-salvage regimens (n=83). In the adjusted analysis, HR was 1.88, 95% CI: 0.9-3.9 for patients receiving salvage regimens. Patients living alone were significantly less likely to receive salvage regimens, as were patients with two or more comorbidities. Conclusion: We observed a better OS in patients treated with salvage regimens compared with non-salvage regimens; however, the adjusted analysis contradicts this. Furthermore, our results indicate that there is a chance of remission for patients not eligible for ASCT.
Introduction
The outcome for patients with diffuse large B-cell lymphoma (DLBCL) after firstline treatment has improved substantially, particularly due to the introduction of the monoclonal anti-CD20 antibody rituximab. A long-term follow-up of the GELA trial, in which 399 patients with DLBCL were randomized between CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) and rituximab added to CHOP (R-CHOP), confirmed the survival benefit, with a 10-year overall survival (OS) of 44% for the R-CHOP group compared with 28% for CHOP alone. 1 Although relapse rates have decreased, one-third of patients will have primary refractory disease or develop a subsequent relapse. [1] [2] [3] The standard treatment for patients with relapsed or refractory
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arboe et al DLBCL is salvage chemotherapy followed by high-dose therapy with autologous stem cell transplantation (ASCT). The PARMA trial included 215 patients with relapsed non-Hodgkin lymphoma (NHL), and the 109 patients who responded after two cycles of salvage therapy with DHAP (dexamethasone, cisplatin, and cytarabine) were randomized to either conventional therapy (four additional cycles of DHAP) or ASCT. A significant survival benefit for ASCT was demonstrated, with a 5-year OS of 53% for the patients undergoing transplantation vs 32% for those receiving conventional therapy. 4 ASCT is normally offered to younger, fit patients without comorbidities. 5, 6 However, a significant number of patients are not eligible for ASCT because of age and/or comorbidity and no standardized chemotherapy salvage regimens are available in this setting.
The role of ASCT after the introduction of rituximab has been debated. 7 In the CORAL study, 396 patients with relapsed or refractory DLBCL were randomized to DHAP or ICE (ifosfamide, carboplatin, etoposide) as salvage therapy before ASCT. Prior rituximab exposure was associated with impaired survival, with a 3-year OS of 40% vs 66% for rituximab-naïve patients. 8 The European Group for Blood and Marrow Transplantation analyzed 470 patients receiving ASCT for relapsed DLBCL and demonstrated that the remission after ASCT was significantly longer compared with that achieved following the initial first-line treatment (median disease-free survival of 51 months vs 11 months, P<0.001) irrespective of prior rituximab exposure. 9 Thus, the effect of ASCT is still significant in the rituximab era, but the question remains whether some patients might benefit from a less intensive regimen. No randomized study investigating the efficacy of ASCT has been conducted since the PARMA trial. 4 Currently, all patients with refractory or relapsed DLBCL will have received rituximab as part of first-line treatment, 10 and to our knowledge, there are no studies comparing the outcome between patients treated with less intensive (non-salvage) regimens and those with more intensive salvage regimens.
Another factor of interest is the impact of the socioeconomic position on the choice of treatment intensity. In a population-based study among 6,234 patients in Denmark diagnosed with NHL in 2000-2008, all-cause mortality was increased by 63% for patients with a short education compared with patients with higher education, and there was a significant higher frequency of intensive treatment in patients with higher education. 11 In line with these findings, Hong et al showed in a retrospective single-center study among 687 patients with NHL in Ohio that a high socioeconomic position was associated with a significantly better OS (HR 0.74, 95% CI: 0.58-0.95). 12 Investigations of the impact of socioeconomic factors on treatment intensity in the relapse setting are scarce. The patients' awareness and self-care are important in order to decrease the diagnostic delay at the time of relapse. Furthermore, better communication skills and knowledge of treatment options might be more prevalent among patients with a higher socioeconomic position. Here, we analyze OS in patients with refractory or relapsed DLBCL and compare treatment intensities and the impact of socioeconomic position on treatment intensity using data from the Danish nationwide population-based lymphoma database (LYFO).
Materials and methods Patients
Patients diagnosed with de novo DLBCL during the period 2000-2015 were identified in the LYFO (N=5,816). The LYFO contains detailed information on both clinical and treatment-related parameters on all lymphoma patients in Denmark. 13, 14 Patients registered with relapse, or no response to first-line treatment, were included. Furthermore, patients who died with progressive disease within 6 months or with active or progressive disease later than 6 months from diagnosis were deemed as primary refractory or relapse, respectively. Patients with primary or secondary central nervous system lymphoma, primary mediastinal DLBCL, or a non-DLBCL lymphoma subtype at the time of relapse were excluded (n=432), as were patients with missing information on relapse treatment (n=48).
Treatment regimens were categorized as salvage regimens, non-salvage regimens, or no/palliative treatment ( Table 1 ). Patients >70 years of age were included in the non-salvage group when treated with salvage regimens, since they most likely received a lower dose without the intent of conducting ASCT.
Only patients who received rituximab as part of their treatment, and who received non-salvage or salvage regimens were included in the survival analysis (n=277).
Comorbidity
To estimate the burden of comorbidity, all somatic diagnoses other than lymphoma were retrieved from the Danish National Patient Registry (DNPR). 15 Comorbidity was measured as the number of comorbidities, using the 19 disorders specified in the Charlson Comorbidity Index (CCI), 16 grouped into no comorbidities, one, and two or more. Denmark. 17, 18 We obtained information on highest attained educational level until 1 October the year before relapse, and categorized it as short (7-9 years of education), medium (10-12 years of education), and higher education (>12 years of education). Disposable income the year before relapse was grouped into quintiles on the basis of that of the entire population, adjusted for sex and age. Disposable income was categorized as low (first quintile), medium (second -third quintile) and high (fourth -fifth quintile). Information on cohabitation status was obtained until 1 January of the year of relapse and defined as living alone or with a partner.
statistical analysis
Patient baseline characteristics were analyzed descriptively and compared by chi-squared test. For the survival analyses, the log-rank test was used for comparisons of OS. Cox proportional hazards models were used to find an association between treatment intensity and survival, when adjusting for possible confounders (age, sex, period, educational level, comorbidities, and cohabitation status). The proportional hazards assumption was tested and fulfilled for all models using the function cox.zph in R. Patients were followed from the date of relapse or the date primary refractory disease was identified until death or 31 December 2015, whichever came first. ASCT was modeled as a time-dependent variable, when testing survival within the patient group receiving salvage regimens.
Using multinomial regression analyses, we performed bivariate comparisons to determine significant associations between treatment intensity and socioeconomic factors, reported as ORs. Within the multinomial logistic regression, treatment categories were compared using non-salvage treatment as reference. Multinomial logistic regression was chosen for its added efficiency over individual binomial logistic regression models after we had considered and then rejected the use of an ordinal logistic regression model for not meeting the proportional odds assumption. Multivariable multinomial logistic regression was conducted to provide adjustment for possible confounding variables for each analysis. Analyses were made for the entire cohort and for the subpopulation of patients with relapsed disease since patients with primary refractory disease normally would not receive non-salvage treatment regimens.
Values were regarded as statistically significant if P<0.05. All analyses were conducted using R 3.2.2 with survival and nnet packages.
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Ethics
The LYFO is approved by the National Board of Health and the Danish Data Protection Agency as a nationwide clinical database. This project was approved by the Danish Data Protection Agency (file number RH-2016-18).
Results
A total of 1,228 patients with either primary refractory or relapsed disease were included in the analyses (Figure 1 ). Median age at the time of relapse or refractory disease was 71 years (range 18-100), and 54% were male ( Table 2 ). The median time to relapse was 348 days (range 30-4,593).
Treatment intensity analysis
A total of 812 (66%) patients received either palliative treatment or no relapse treatment, 138 (11%) patients received nonsalvage regimens, and 278 (23%) received salvage regimens. Patients with two or more comorbidities were less likely to receive non-salvage regimens compared with no/palliative treatment, (OR 0.60, 95% CI: 0.4-0.9). A similar association was seen for patients with relapsed disease (OR 0.49, 95% 
survival analysis
A total of 277 patients were included in the survival analysis ( Figure 1 ) ( Table 4 ). The majority of these patients had received R-CHOP-like treatment as first-line treatment. 
DLBCL N=5,897
No treatment n=281
Response* n=4,724
Primary refractory n=688
Relapse n=816
Refactory or relapse n=1,276
Included in treatment intensity analysis n=1,228
No/palliation n=812
Non-salvage n=138
Included in survival analysis n=277
No previous rituximab exposure n=563
Salvage n=278
No/palliation n=388
Non-salvage n=83
Salvage n=184
Missing treatment information n=48
Five-year OS for patients treated with non-salvage regimens (n=83) was 17% (95% CI: 10%-28%), and the median survival was 332 days. For patients treated with salvage regimens (n=194), the 5-year OS was 31% (95% CI: 35%-39%), and the median survival was 435 days. Patients who received salvage regimens had a crude HR of 0.75 (95% CI: 0.6-1.0) compared with patients receiving non-salvage regimens (Figure 2 ). In the adjusted analysis, we found an HR of 1.9 for patients receiving salvage regimens compared with patients receiving non-salvage regimen (adjusted HR, 1.88 [95% CI: 0.9-3.9]) ( Table 5) .
For patients who received salvage regimens (n=194), we analyzed survival according to ASCT. For patients receiving (Table 5) .
Discussion
In this population-based study of patients with relapsed/ refractory DLBCL, socioeconomic position, measured as highest attained educational level and disposable income, was not associated with treatment intensity. However, patients living alone were less likely to receive salvage regimens. Previously, a population-based study among 6,234 patients with NHL found similar results, with patients living alone being less likely to receive any of the treatment modalities, eg, OR for receiving chemotherapy was 0.79 (95% CI: 0.65-0.97) for patients living alone compared with patients living with a partner. 11 The more aggressive salvage regimens will normally be planned with the intent of ASCT. Due to the toxicity of this treatment, it might be a consideration for the clinician that patients will benefit from the social support of a spouse during and after treatment, which might explain Table 3 adjusted Ors (with accompanying 95% Cis) for the choice of treatment-intensity (non-salvage vs no/palliative and salvage vs non-salvage) for the total cohort, and the subgroup of 610 patients with relapsed disease in the lYFO database in Denmark, 2000-2015 
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arboe et al our findings regarding cohabitation status. Patients with comorbidities have a poorer outcome after ASCT. Therefore, it is not surprising that the number of comorbidities affects treatment intensity for patients with refractory or relapsed DLBCL in patients with two or more comorbidities. In this study, about 30% of patients had two or more comorbidities; nevertheless, 7% were treated with non-salvage regimens and 15% with salvage regimens. A relatively high proportion of patients were treated with a palliative strategy. These patients were older, and more patients had primary refractory disease. Supposedly, a more aggressive treatment was not chosen due to frailty.
In our study of patients with relapsed/refractory DLBCL who had received R-CHOP-like treatment as first-line treatment (n=277), we found that for patients receiving salvage For asCT, adjusted hr is calculated with asCT as a time-dependent variable, overall survival from the day of stem cell reinfusion. Abbreviations: asCT, autologous stem cell transplantation; DlBCl, diffuse large B-cell lymphoma. treatment, only 46% were able to proceed to ASCT, and the 5-year OS was 31%. For patients with a non-salvage strategy, 17% were alive after 5 years.
There are some possible explanations for these results when comparing our findings with major studies in the field. In the PARMA study, eligibility was restricted to patients <60 years of age and with a previous response to first-line chemotherapy. 4 With the advent of improved supportive care, ASCT is now also an option for older patients with higher stage disease. Furthermore, ASCT is also an accepted treatment for patients with primary refractory disease who have not sufficiently responded to initial therapy. 21, 22 In the present study, we included all patients receiving salvage regimens (n=194), including patients who were aged ≥65 years (35%), and patients with primary refractory disease (n=69, 36%) . Of the 194 patients receiving salvage regimens, almost half (46%) also received ASCT. This is consistent with the CORAL study, in which 52% of patients received ASCT. 8 Both in the CORAL and PARMA trials, the most common reason for not proceeding to ASCT was insufficient response to salvage therapy, with other reasons being toxicity or death. 4, 8 We were not able to obtain information on reasons not to proceed to ASCT in our study, but we found that patients >65 years of age were less likely to proceed to ASCT (P=0.04), as were patients with primary refractory disease (P<0.001), and patients with two or more comorbidities (P=0.004) (data not shown). Several studies have analyzed the impact of comorbidity on outcomes after ASCT. Wildes et al found that a higher CCI score was negatively associated with survival after ASCT among 159 patients with NHL. 23 Graf et al showed that higher hematopoietic cell transplantationspecific comorbidity index scores predicted non-relapse mortality after ASCT among 754 lymphoma patients (HR 1.94, 95% CI: 1.0-3.7). 24 Primary refractory disease has also been shown to be associated with impaired survival after ASCT; in the CORAL study, 3-year OS was 39% and 64% for patients with refractory and relapsed disease, respectively. 8 In the present study, we were able to adjust for the number of comorbidities, age, and primary refractory disease, as well as socioeconomic factors. The crude analysis shows a 5-year OS of 31% for patients treated with salvage regimens and 17% for patients treated with a non-salvage strategy, however, after taking the mentioned factors into account, our results indicate an almost twofold increased mortality for patients receiving salvage regimens compared with those receiving non-salvage regimens. However, more patients in the salvage group had primary refractory disease, 36%, compared with 22% in the non-salvage group (Table 4) , and 84% of the patients in the non-salvage group were >70 years of age (data not shown), which might explain the results in the adjusted analysis. Unfortunately, we were not able to adjust for more disease-specific factors, such as performance status at time of treatment decision nor the stage of the disease. Within the salvage group, there was a survival benefit regarding the receipt of ASCT, however, with quite wide CIs. No difference was found in the sub-analyses among patients with refractory and relapsed disease. However, study numbers are small, and again, a larger study population might have yielded significant results. A 5-year OS of 17% for patients receiving non-salvage regimens together with a 5-year OS of 18% for patients in the salvage group not receiving ASCT indicates indicate a non-negligible chance of survival, even for patients not eligible for ASCT. However, newer targeted treatment options are needed in order to improve the outcome for these patients.
Since the Danish population is entitled to free access to tax-supported medical care provided by the public health care system, our findings of socioeconomic position might not be generalizable to other populations. However, even with free access to medical care, we do find an association between socioeconomic position and treatment intensity, and we believe that this association may only be stronger in populations where medical care is not free of charge.
A strength of this study is the nationwide inclusion of patients identified in the LYFO, which is population-based and includes patients from all Danish hematological departments with a high coverage. 13, 14 This allows for an analysis of survival in an unselected population, reflecting clinical practice, and permits an adjustment for known confounders, such as age, sex, and socioeconomic position. The use of population-based registries minimizes loss to follow-up and reduces the risk of recall and selection bias. However, comorbidity was measured using data from the DNPR, and therefore, only comorbidities severe enough to lead to a hospital contact are included in the analyses. Furthermore, there might be a risk of misclassification of outcome in terms of treatment intensity in case of erroneous registration. Registration in the LYFO is, however, mandatory, and data have been shown to be highly valid. 14 We believe that the potential misclassification will have limited influence on the validity of our estimates or underestimate the true risk. Finally, the registries used are designed for administrative purposes, which limited our possibility to obtain more detailed clinical information. This leaves us with residual confounding since we are not able to adjust for factors, such as performance status and Ann Arbor staging. Especially in the question on survival depending on treatment intensity, these factors may influence the results, since they would have an impact on both exposure and outcome. However, it is not possible to predict in which way the results would differ. In daily practice, the higher the performance status, age, disease stage, and number of comorbidity, the less likely it is to receive salvage treatment. On the contrary, one could also imagine, especially for younger patients, salvage treatment being planned, since it is the only known curative treatment regimen regardless of the clinical factors.
The information in these registries were created for administrative purposes, independent of the study hypothesis, and were established before this study was conceptualized, limiting information bias and excluding recall and selection bias completely. Despite these advantages, our sample size is small and, thus, leads to broader CIs, which illustrates the need for larger studies in this area. Furthermore, using historical data in the comparison of different treatment strategies is not optimal. 25 Treatment recommendations should not be based on the results of observational data, and the aim of this study was merely to describe the outcome of different treatment strategies in the care of relapsed or refractory DLBCL. However, we have included ASCT as a time-dependent variable in order to take into account the risk of immortal time bias.
Conclusion
Our analysis is, to our knowledge, the first to compare survival according to treatment intensity in patients with relapsed or refractory DLBCL in the rituximab era. It is a retrospective, population-based, non-randomized study, which included all relevant patients in all age groups with relapsed or refractory DLBCL in Denmark in the defined period. Our data indicate that mortality is increased for patients treated with salvage regimens compared with non-salvage regimens, when age, comorbidity, educational level, and primary refractory disease are taken into account. The patients in the nonsalvage group were older than in the salvage group, and for these patients, the less intensive treatment regimens might be the best choice. However, a 5-year OS of 17% for patients in the non-salvage group together with a 5-year OS of 18% for patients in the salvage group without ASCT indicates a hope of durable remissions, even if ASCT is not an option.
